This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC? ; 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
29 March 2001 (29.03.2001) 




PCT 



IIII 



(10) International Publication Number 

WO 01/22518 Al 



(51) International Patent Hassification 7 : H01M 10/40 

(21) International Application Number: PCT/EP0O/08974 

(22) International Filing Date: 

13 September 2000 (13.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

99203098.1 22 September 1999 (22.09. 1 999) EP 

(71) Applicant: KONINKLUKE PHILIPS ELECTRON- 
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA 
Eindhoven (NL). 

j (72) Inventors: HIKMET, Rifat, A., M.; Prof. Holstlaan 6, 
j NL-5656 AA Eindhoven (NL). FELL, Hans; Prof. Hoist- 
! laan 6, NL-5656 AA Eindhoven (NL). 



(74) Agent: STOLK, Steven, A.; Internauonaal Oc*rooibureau 
B.V., Prof Holstlaan 6, NL-5656 AA Eindhove„ (NL). 

(81) Designated States (national): CN, JP, KR. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, OB, GR, IE, IT, LU, MC, 
NL,PT,SE). 

Published: 

— ' With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments.. 

For two-letter codes and other abbreviations, refer to tne "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Tit ie. LITHIUM SECONDARY BATTERY COMPRISING INDIVIDUAL CELLS CONNECTED WITH ONE ANOTHER, 
— AS W£LL ^ WATCHES, COMPUTERS AND COMMUNICATION EQUIPMENT PROVIDED WITH SUCH A BATTERY 



00 

n 
o 

o 




(57) Abstract: A lithium secondary battery (5) comprising individual cells connected with one another, which cells comprise a 
negative dectrode including negative electrode material (9) and a negative current collector (7), a positive electrode including positive 
electrode material (10) and a positive current collector (8), a separator (6) sandwiched between the negative and the positive electrode, 
a non-aqueous electrolyte solution between the negative and the positive electrode, the negative and the positive electrode material 
being provided in segments on the respective current collector in order to increase the pliability of the battery. Tne present battery is 
characterized by the use of a common current collector (7, 8) for all individual cells connected with one another. 
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Lithium secondary battery comprising individual cells connected with one another, as well as 
watches, computers and communication equipment provided with such a battery. 



The invention relates to a lithium secondary battery comprising individual 
cells connected with one another, which cells comprise 

- a negative electrode comprising a negative electrode material and a negative current 
collector, 

5 - a positive electrode comprising a positive electrode material and a positive current 
collector, 

- a separator provided between the negative and the positive electrode, 

- a non-aqueous electrolyte solution between the negative and the positive electrode, 
wherein 

j 0 both the negative and the positive electrode material is provided in segments 

on the respective current collector to increase the pliability of the battery. 
The invention further relates to certain applications of such a batter}', in which applications 
demands are made on, in particular, the pliability of the battery, such as in watches and 
communication equipment,; for example portable computers, personal digital assistants and 

15 mobile telephones. 

Such a lithium secondary battery composed of individual cells connected with 
one another is known from United States patent specification 4,092,464. In accordance with 
the battery disclosed in said document, the active electrode material can be provided in 
segments on the current collector to increase the flexibility of the battery, which means that 

20 the stress developed during bending is concentrated at the locations between the active 
segments of the current collector. Such a cell is manufactured from a lithium anode folded 
around a silver-chromate cathode, the anode and the cathode being separated from each other 
by a porous polypropene separator which extends beyond the dimensions of the cathode 
material. Since the polypropene used as the separator is a thermoplastic microporous 

25 material, this material, when heated, is capable of enclosing the cathode, whereby only one 
connection element is left uncovered. Around the lithium anode there is a second layer of 
polypropene, which layer extends at the circumference of the lithium anode and is sealed by 
heating, thereby enclosing both the lithium anode and the envelope containing the silver- 
chromate cathode, whereby only connection points for anode and cathode are exposed. The 
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anod^ terminal is brought about via a metal strip formed by means of spot welding on the 
expanded current collector. A similar external electric connection with the cathode is also 
obtained by providing a metal strip on the cathodic current collector by means of spot 
welding. Finally, the anode and cathode strips are provided with a coating enabling the 

5 formation of a durable seal with respect to the outermost cell envelope. To attain a larger 
current capacity, such cells are arranged in parallel, whereby the external electrical 
connection points should be connected with one another. It has been found in practice that 
such connection points adversely affect the durability of a lithium secondary battery 
composed of individual cells connected with one another. In addition, the electrical resistance 

1 0 increases, which also adversely affects the efficiency of such a battery. 

A lithium secondary battery comprising individual cells connected with one 
another is also known from United States patent specification 5,872,744. This United States 
patent specification does not teach, however, to provide both the negative and the positive 
electrode material in segments on the respective current collector to increase the pliability of 

15 the battery. 

It is an object of the invention to provide a lithium secondary battery 
comprising individual cells connected with one another, which battery obviates the above- 
mentioned drawbacks in accordance with the state of the art. 

Another object of the invention is to provide a lithium secondary battery 
20 comprising individual cells connected with one another, which battery is provided with 
electrode materials disposed in segments on the respective current collectors, such that the 
pliability of the eventual battery takes place in two dimensions. 

A further object of the invention is to provide a lithium secondary battery 
comprising individual cells connected with one another, which battery does not exhibit 
25 delamination of the negative electrode, the positive electrode and the separator. 

Yet another object of the invention is to provide a lithium secondary battery 
which can be manufactured in a thin and flexible form and wherein the contact between the 
electrodes and the electrolyte is maintained in a particular way. 

A further object of the invention is to provide a battery which can suitably be 
30 used in an application which is subject to bending and corrugation, and wherein there are no 
restrictions as regards the geometrical configuration wherein the battery is incorporated. 

The lithium secondary battery mentioned in the preamble is characterized, in 
accordance with the invention, in that the individual cells are interconnected by means of a 
current collector which is common to all cells. 
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As a result of the use of a common current collector for all cells, the individual 
cells do not have to be interconnected via external connection points. In addition, the 
common current collector endows the relevant lithium secondary batter)' with sufficient 
flexibility, so that this battery can suitably be used in applications wherein pliability and 
5 bendability are required, particularly in wrist watches and communication equipment which 
is worn around the wrist. 

In a particular embodiment of the lithium secondary battery, preferably, both 
the negative and the positive current collector serves as a common current collector for every 
cell. 

1 o The use of both the negative and the positive current collector as a common 

current collector for all cells provides the battery with additional power, so that long-term 
durability is guaranteed. 

In another, preferred embodiment, the mutual connection between the 
individual cells in the lithium secondary battery is also brought about by means of a common 
1 5 separator for all cells. 

In such a particular embodiment of the invention, both the separator and one 
or both current collectors are the same for every cell. In a particular embodiment of the 
relevant lithium secondary battery it is thus possible that the lithium secondary battery 
composed of individual cells connected with one another comprises a common negative 
20 current collector, a common positive current collector, and a common separator. 

To obtain the desired pliability of the battery, it is preferred in a particular 
embodiment that the electrode material provided in segments on the current collector extends 
substantially throughout the width of the relevant current collector. 

In accordance with such an embodiment, in fact, pliability in one dimension is 
25 obtained, the desired pliability being obtained at locations where there is no active electrode 
material. 

If, however, pliability of the battery in two dimensions is desired, it is 
preferred that the electrode material provided in segments on the current collector is situated 
on the relevant current collector in accordance with a chessboard-like pattern. 
30 The term "chessboard-like pattern" as used in the description should be 

construed as a pattern of active electrode material, such that each segment of active electrode 
material does not border on another segment of active electrode material. As a result, discrete 
segments of active electrode material are situated on the current collector, so that the desired 
pliability in two dimensions is obtained. 



WO 01/22518 PCT/EP00/08974 

4 . . 

• In the lithium secondary battery in accordance with the invention, preferably 

carbon or graphite is used as the negative electrode material. 

The positive electrode material used in the relevant battery is preferably 
selected from lithium transition metal oxides, such as LiMn 2 0 4 , LiCo0 2 or LiNi02, which 
5 material comprises electroconductive particles, such as carbon or graphite, and possibly 
binder material. Such positive electrode material may be considered to be a lithium- 
intercallation compound. The quantity of conductive material lies in the range from 0.1 to 
15% by weight. 

To obtain a lithium secondary battery which can be manufactured so as to be 

1 0 thin and flexible, preferably, the contact between the electrodes and the electrolyte is 

maintained in a specific manner, more particularly in that the negative electrode material, the 
positive electrode material and the separator are preferably provided with a pattern of 
apertures, said apertures being filled with a polymer-like material which holds together the 
negative electrode, the positive electrode and the separator. 

1 5 Such a construction is described in international patent application 

WO 99/04716, which was filed by the current applicant but is not yet laid open to public 
inspection, which document is considered to be incorporated herein. The apertures in the 
electrode materials are macroscopic apertures having a diameter of approximately 1 mm. In 
accordance with a particular embodiment, the pattern of the apertures forms a rectangular 

20 two-dimensional arrangement with an interspace between the apertures of 5 mm. The 

dimensions of the apertures and the pattern are selected to be such that the active surface of 
the electrodes is preferably at least 90%, because the apertures filled with polymer-like 
material reduce the capacity of the electrodes, which can be attributed to the fact that the 
active electrode material is absent in these filled apertures. 

25 As described hereinabove, the positive electrode material is a lithium- 

intercallation compound, which compound is dispersed in a polymeric binder matrix. As the 
polymers for the binder matrix use is made of thermoplastic polymers, including 
polysaccharide and polymers with rubber elasticity. Examples hereof include carboxymethyl 
cellulose, polytetrafluoroethene, polyethene, polypropene and styrene butadiene rubber. 

30 These polymers can be applied either individually or in combination with each other. The 
polymeric binder serves to bind together active material powders to preclude crack formation 
and to fix such powderous materials on the surface of the current collector. The quantity of 
polymeric binder lies in the range from 2 to 30% by weight. 
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For the current collector use can be made of any electric conductor unless a 
chemical reaction is induced in the battery. Examples of materials for the positive current 
collector (cathode) include stainless steel, aluminum and nickel. Examples of materials for 
the negative current collector (anode) include stainless steel, copper and nickel. The collector 
5 may be in the form of a foil, a film and a thin plate, which may be porous, punched or in the 
form of a network. The thickness of the collector generally ranges from 1 to 500 jim. 

The separator provided between the positive and the negative electrode is an 
insulating film having both a high ion permeability and the desired mechanical strength. The 
separator prevents short-circuits between the negative and the positive electrode and 
10 preserves the electrolytic solution. A generally applied separator is made from glass fiber, or 
is the form of a porous plate of non- woven fabric manufactured from olefm-like polymers, 
such as polyethene or polypropene. The diameter of the pores generally ranges from 0.01 to 
1 0>m. The thickness of the separator generally ranges from 5 to 300 \im. 

The battery structure in accordance with the invention can be activated with a 
1 5 number of compositions applied as liquid electrolyte solutions. For the solvent use can be 
made of an ester compound, such as ethylene carbonate, propylene carbonate, methylethyl 
carbonate, an ether compound, such as tetrahydrofuran, dimethylsulphoxide and mixtures 
thereof. Examples of the dissolved electrolyte comprise salts of lithium ions (Li*) and Lewis 
acid ions (PF 4 ' 5 PF 6 \ AsF 6 *, C10 4 \ CF3SO3") and mixed salts thereof. The concentration of the 
20 salt generally ranges between 0.5 and 2 mo 1/1. 

The battery in accordance with the invention is enclosed in a battery envelope, 
which may be a synthetic envelope, or a metal-like or resin-like envelope. Examples of such 
materials include stainless steel and plastics such as polypropene. Sealing can be brought 
about by means of an adhesive, or by welding or soldering. A flat flexible battery may be 
25 enclosed in an air and moisture-resistant envelope of polymer-covered aluminum foil. Such 
foils are commercially available and can be sealed at the edges. 

The lithium secondary battery comprising individual cells connected with one 
another, in accordance with the invention, comprises, preferably, a stack of cells which 
comprise a negative electrode, a positive electrode, a separator and a non-aqueous electrolyte. 
30 The invention further relates to the particular application of the batteries 

described hereinabove, the battery in question being employed, in particular, in applications 
imposing high demands as regards pliability, durability and current efficiency. Particularly, 
preferred applications include, inter alia, watches, whereby the battery is incorporated in the 
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strap of the watch, communication equipment, such as portable telephones, and portable 
computers. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 

Fig. 1 diagrammatically shows an electrode 1 which is segmented on both 
sides, and a current collector 2 which is provided with active electrode material 3 on the 
lower side as well as the upper side, said active electrode material 3 provided on the current 
collector 2 extending substantially throughout the width of the current collector 2. By virtue 
of the fact that the active electrode material 3 is provided in segments on the current collector 
2, it is possible to bend the electrode 1 without delamination of active electrode material 3 
and current collector 2. 

Fig. 2 diagrammatically shows an electrode 4 which is segmented on both 
sides, the active electrode material 3 being provided on both sides of the current collector 2 in 
accordance with a chessboard-like pattern. An electrode 4 embodied in this manner can be 
bent in two dimensions because the active electrode material 3 is present in discrete islands 
on the current collector 2. 

Fig. 3 diagrammatically shows a battery 5 composed of three individual 
segments or cells, both the current collector 7, 8 and the separator 6 being embodied so as to 
be common to all cells, and each cell being built up of, in succession, a current collector 8, 
active electrode material 10, a separator 6, active electrode material 9 and a current collector 
7. At the location referenced 1 1 there is no active electrode material 9, 10, so that a battery 5 
can be readily bent at this location. 

Finally, Fig. 4 diagrammatically shows the battery 5 of Fig. 3 in a bent state, 
and it is obvious from said Figure that bending is not hampered owing to the fact that the 
active material 9, 10 is present in segments. 

Example 

A battery to be integrated in a wrist strap of a communication device which 
looks like a wrist watch is manufactured, the battery being composed of a stack of two 
positive electrodes segmented on one side, a positive electrode segmented on both sides, and 
two negative electrodes segmented on both sides, said electrodes being separated by 
separators. For the active electrode material use is made in the positive electrode of LiCoCh, 
while the active electrode material of the negative electrode is MCMB (Meso Carbon Micro 
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Beads having a diameter of 10 |im). The separator is made from microporous polyethylene. 
The battery has a width of 1 cm, a length of 1 0 cm and an overall thickness of approximately 
1 mm, and is composed of 10 segments or cells, so that a sufficiently pliable battery is 
obtained. The capacitance of the battery is approximately 100 mAh. 
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CLAJMS: 



1 1 A lithium secondary batten' comprising individual cells connected with die 

another, which cells comprise 

a negative electrode comprising a negative electrode material and a negative current 
collector, 

5 - a positive electrode comprising a positive electrode material and a positive current collector, 

- a separator provided between the negative and the positive electrode, 

- a non-aqueous electrolyte solution between the negative and the positive electrode, 
wherein 

both the negative and the positive electrode material is provided in segments 
10 on the respective current collector to increase the pliability of the battery, characterized in 
that the individual cells are interconnected by means of a current collector which is common 
to all cells. 

2. A lithium secondary battery comprising individual cells connected with one 

1 5 another, as claimed in claim 1 , characterized in that both the negative and the positive current 
collector serves as a common current collector for every cell. 

3. a lithium secondary battery comprising individual cells connected with one 
another, as claimed in claim 1 and 2, characterized in that the mutual connection between the 

20 individual cells is also brought about by means of a common separator for all cells. 

4. A lithium secondary battery comprising individual cells connected with one 
another, as claimed in claims 1 to 3, characterized in that the electrode material provided in 
segments on the current collector extends substantially throughout the width of the relevant 

25 current collector. 



5 a lithium secondary battery comprising individual cells connected with one 

another, as claimed in claims 1 to 3, characterized in that the electrode material provided in 
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segments on the current collector is situated on the relevant current collector in accordance 
with a chessboard-like pattern. 

5 a lithium secondary battery comprising individual cells connected with one 

5 another, as claimed in claim 1 , characterized in that carbon or graphite is used as the negative 
electrode material. 

7 A lithium secondary battery comprising individual cells connected with one 

another, as claimed in claim 1 , characterized in that the positive electrode material is selected 
10 from lithium transition metal oxides, such as LiMn204, LiCo02 or LiNi02, which material 
comprises electroconductive particles, such as carbon or graphite, and possibly binder 
material. 

g A lithium secondary battery comprising individual cells connected with one 

15 another, as claimed in claims 1 to 7, characterized in that the negative electrode material, the 
positive electrode material and the separator are provided with a pattern of apertures, said 
apertures being filled with a polymer-like material which holds together the negative 
electrode, the positive electrode and the separator. 

20 9. A lithium secondary battery comprising individual cells connected with one 

another, as claimed in claim 8, characterized in that the polymer-like material is a bonding 
agent. 

10. A lithium secondary battery comprising individual cells connected with one 
25 another, as claimed in claim 8, characterized in that the polymer-like material is polyethene. 

11. A lithium secondary battery comprising individual cells connected with one 
another, as claimed in claims 1 to 1 0, characterized in that the individual cells are provided in 
an envelope of a laminate, which envelope is hermetically sealed. 



30 



12. A lithium secondary battery comprising individual cells connected with one 

another, as claimed in claims 1 to 1 1 , characterized in that the cell is composed of a stack of 
cells comprising a negative electrode, a positive electrode, a separator and a non-aqueous 
electrolyte. 
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1 3. 1 A watch provided with a battery? characterized in that the battery is applied as 
claimed in claims 1 to, 12. 

1 4, A communication device provided with a battery, characterized in that the 
battery is applied as claimed in claims 1 to 12. 



15, A computer provided with a battery, characterized in that the battery is applied 

as claimed in claims 1 to 12. 
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